Abstract.Timetabling problem can be classified as an assignment problem which is very crucial in making sure all events occur at the perfect place and time demanded. The main objective of this study is to investigate an optimal solution by maximizing the total preferences level on lecturer to course to timeslot assignments. University Course Timetabling Problem (UCTP) is the central focus in this study. Mixed Integer Linear Programming (MILP) model is used to solve the problem and conducted using LINGO 16.0. Results obtained lead to a satisfaction for the lecturer and generate a conflictfree timetabling for all parties involved.
INTRODUCTION
Timetabling is a set of information that will show exactly when a particular events to take part. It is very vital in making sure all the events occur at the place and time required. In fact, timetabling is urgently important in areas such as: education, sports competitions, production and manufacturing, logistics and transport. In the usual form of the problem, a set of people need to be assign to a set of tasks. Among those, the University Course Timetabling Problem (UCTP) can be classified as a semi-annual problem faced by the administration staffs as well as the lecturers. According to Burke et al. [1] timetabling problem is a thing that required a proper-organized and efficient schedule. Back then, timetables are constructed manually before the existence of computer technology use [2] . During 60's, it is the time for the first attempt timetable development are made with the application of computer aided tools [3] .
Course timetabling problems are repeatedly faced practically by every school, college and university as well. Basically, a set of times must be assigned to a set of events where all of students can attend of their respective events [4] . The problem of constructing timetables for educational institutions is a classic combination problem that requires finding a schedule to determine which courses will be given by which lecturers and by which timeslots considering the lecturers and students preferences of courses to be allocated in specific time slots to a number of hard and soft constraints.
The planning of an efficient weekly timetable has always been a fundamental challenge of every university administration. On the other hand, the effectiveness of a timetable is measured using factors such as: the total rate of lecturers and students preferences, exertion of resources, and total number of students conflicts. A pleased and supremacy university timetable is a timetable that can fulfill the user preferences while refrain clashes between courses taken by the same group of students and lecturers handling the courses and classroom being used [5] . The problem is farther intricate as there is usually an objective to be optimized. In the university course timetabling problem, the objective is relates to optimizing the total preferences of lecturers and students assigned to their desired slots [2] . The general university course timetabling problem is known to be NP-completemainly due to the associated constraints have been studied [6] . In this study, a detailed analysis of the problem leads in creating a problem definition which allows the identification of all the process issues, constraints, restrictions and objectives. Generally, problems involving optimizing an objective function subject to a certain constraints can be solved using a mathematical programming approach [3] . Therefore, we concern to solve a more general timetabling problems in educational institutions more effectively using a mathematical approach.
Generally, this study is conducted in finding the optimal solution for university course timetabling problem which is assigning which lecturer will be teaching during a particular time slot and which courses will be scheduled during the same time slot. Furthermore, the consideration regarding the preferences of the lecturers will be highlighted in this study. Thus, the problem is contributed to solve using LINGO 16.0 software with findings the optimal decision. The overall aim of the generated timetable is to provide students with a schedule that is not only feasible but also the one that conflict-free.
PROBLEM FORMULATION
At the starting of each academic semester, the administration staffs in Faculty of Science, UniversitiTeknologi Malaysia (UTM) is doing the assignments in the pre-designed timetable with the consideration of new requirements fixed by the faculty. In Faculty of Science, UTM, there are combination of three main departments which are Department of Chemistry, Physics and Mathematical Sciences. This study will only cover one department as its case study, that is Department of Mathematical Sciences.
In general, the data used will only covered for the undergraduate programme in Department of Mathematical Sciences for semester 2 (2016/2017) session. This programme consist of four years of studies and will be breakdown into 8 unit of courses since there are two different programme for each year of studies. The programme involved for each year is whether it is a Pure Mathematics (SSCE) or an Industrial Mathematics (SSCM).
During this session, only 25 lecturers are going to teach some particular courses. Then, there will be a total of 39 timeslot for every weeks. The word "timeslots" here used to relate in separation of the one working hour. Next, the following constructed MILP model will be used to solve the Department of Mathematical Sciences undergraduate courses timetabling problem for semester 2 (2016/2017) session. The conducted model then aims to be able to generate an optimal timetable for the whole semester by considering the preferences input from the lecturers, assumptions and the requirements fixed by the faculty.
COMPUTATIONAL EXPERIMENT
Undergraduate programme for Department of Mathematical Sciences in Faculty of Science, UTM, consists of four years of studies and offers 23 different subjects with 2 or 3 credit hours per semester. A total of 104 class meeting should be assign to some specific timeslots by considering the preferences level on lecturer to courses at a timeslot. Each coursehave freedom in select the elective subjects offered to cover up the credit requirements per semester. Therefore, some class meetings might assign to a same timeslot and same lecturer due to the criteria of same section.
Meanwhile, there will be a total of five working days taken into consideration which are from Sunday until Thursday. The total working hours involved in a week is as much as 39 one hour timeslots, from 0800-1600. Depending the credit hours, some courses need to have at most two consecutive lecture hours per week while another one hour lecture if it is a 3 credit hours' subjects. This UCTP will be modelled as a MILP model and compute using LINGO 16.0 to generate a feasible solution. Hence, generate a conflict-free timetable for the semester. General statistics to briefly give the picture of the size for the case study is represented as below: In order to strengthen the quality of the model, a few assumptions and requirements from the department should be taken as one priority. Therefore, the following are some assumptions that have been made regarding this case study: only 6 rooms available for one timeslot all rooms are always fit to hold a capacity of students at time 1300-1400 is reserved for rest time for all lecturer and students
The list of other requirements that are necessary to maintain the rules andregulations that have been fixed by the Department of Mathematical Science, FS, UTMare detailed as below:
1. all class meetings must be assigned to a specific timeslot and should be inbetween 0800 until 1700 2. a weekly work load of each lecturer must be between his/her lower and upperlimits 3. each course cannot having a same lecture more than 2 hours a day 4. two units of course taught by the same lecturer cannot be taught at the sametimeslot 5. the number of the same timeslot assigned to the lecturer should always bebounded 6. a course can only attend as long a 8 hours of class meetings except duringThursday 7. not more than 6 class meetings should be schedule in one timeslotno lecture or tutorial can be scheduled during 1400-1700 on Tuesday, since that timeslots are reserved for curricular's subjects Then, MILP model is chosen to solve the case study. Moreover, this is the most preferable method used in solving atimetabling problems. Besides that, this mixedinteger linear programming also has been a successful method that have been solved in previous studies, but compilation in creating the model and the computational challenges due to the variety size of the problem lead in researcher moving towards another approaches [7] .
Generally, one or more lecturer are allowed to teach a subject and the input data that need to be implemented in the mathematical model are shown below: five working days = {Sunday, Monday, Tuesday, Wednesday and Thursday} eight one hour timeslot for each day = {0800, 0900, 1000, 1100, 1200, 1400, 1500, 1600} 39 one hour timeslots per week = { 1 , 2 , … , 39 } 25 lecturer that hold responsible for their lecture or tutorial 104 class meetings of 23 subjects fixed parameter such as the working load for lecturer, & , number of lecture hours in a day, , maximum number if courses, and maximum number for timeslot assigned, Optimal solutions for a school and a university timetabling problem are able to achieve by presenting linear and integer programming model for the problem [8, 9] . Apart from that, Breslawtaking the lead by offering a solution using linear programming model for the faculty assignment problem [10] .
MILP MODEL
Assignments of lecturer to a course in a timeslot, lecturer to a course and course to a timeslot will be involved in this constructed model [11] . The MILP model will be designed based on the information obtained and described in previous section. The index of , and are positive integers respectively [8] . In order to construct the mathematical model, indices, sets of the model,parameters of the model, decision variable, objective function and the model constraints need to be obtained first. 
Indices

Objective function
Objective function are constructed by maximizing the preference level of each lecturer on the assignments. The corresponding preferences input can be scalarized as a level from 1,2…,9 and value 0 represents a non-availability. The constructed objective function can be seen below: 
, , , = ,
The objective function is to maximize the timeslot preference, , , ofallocating course given by the lecturer. Based on the approach of assigning values of the parameter, , , all lecturers will provide different level of preferences for their desired time slots. Therefore, this information is a pre-processing data obtain from the lecturer before the process of timetabling begins.
The constraint set (1) ensure that the number of a course assign to the timeslots must be equal to . Meanwhile, constraint (2) ensure that the number of timeslot, assigned to each lecturer does not exceed . Similarly, the constraint set (3) guarantees that the number of courses assigned to a lecturer will not exceed . Then, constraint set (4) will make sure the weekly work load of the lecturer is between his/her lower and upper limits. If any assignment of lecturer to a course at some timeslot, constraint set (5) will forces , = 1. However, if there is no lecturer been assign to a course at some particular timeslot, the left-hand side of the inequality in constraint (5) will be set as zero, which is , = 0. Correspondingly, if any pair of course assigned at a timeslot, to a respective lecturer, the constraint set (6) will set , = 1. Otherwise, if no course to a timeslot assigned, then , = 0.
RESULTS AND DISCUSSION
Second Semester course unit timetable of Department of Mathematical Sciences, Faculty of Science, UTM has been modeled and optimal solutions were found for the four years of studies. The data was taken from the administrations staff at Academic Office of Faculty of Science, UTM. A MILP model has been defined for each of the eight courses and solved using LINGO 16.0 software, since the model involved thousand of variables and constraints.
Before reach a conclusion stated whether the model is such a success andefficient, there are few materials that should be looking at from the derived solutionare:
lecturers' preference level in assign to a class meeting at a timeslot existence of class-clashing or parallel lecturers' incharge CPU time on getting a solution The first criteria that should be achieved is whether the models able tomaximize the lecturers' preference level in the assignments. Then, are there anyexistence of class-clashing and the time taken of the CPU to generate a solution willlead to a meaning of its a time-saving model for UCTP.
An overall timetable for the eight courses in Second Semester (2016/2017) isgiven in TABLE 2, while TABLE3 shows an overall of the lecturer assign to that specific timeslot and courses. Since this study intends to develop a model which assigns each courses to a lecturer and at its most desirable timeslot , TABLE 2and TABLE 3generally shown not just an optimal solution, but also with a complete conflicts free semester timetable. 
As what can be seen from the table, there are no clashing class meetings between the courses. Based on the approach of this study, assigning values of the preferences in the objective function, a level of preferences has been generated randomly using Excel Solver. As for the satisfaction level, each assignments of a lecturer to a course at a timeslot have been analyzed and it shows that the model successful in that objective. Furthermore, from TABLE 3,there's no redundant in terms of a lecturer teaching 2 classes during one timeslot except those which from a same section.Just as it shown in TABLE 4below, the model achieved computational time of 0.47seconds for the case study. In other words, it is remarkably a time-saving. Hence, this already gives satisfaction in terms of CPU time taken to generate an optimal solution. To sum things up, the application of constructed model to the case study adaptedfrom Department of Mathematical Sciences FS, UTM is such a success. Moreover,the results obtained are in fact considered excellent.
CONCLUSION
In short, the model was able to maximize the preferences level of lecturer on the assignments of lecturer to a course at some particular time slots. In addition an optimal solution also able to be generated and a timetable model was deduced from the analyzed results. Further, the model still successful in obey the requirements fixed by the Department of Mathematical Sciences where there is not more than 6 class meeting being assign to a timeslot. This is because of the limitations criteria of the rooms availability. Together with all the consideration of assumptions and requirements, its slightly not indicate any inefficiency of the developed model. As a suggestion it would be encourageable if any additional features to be implemented in the same model by further analysis.
